The main aim of this study was to combine the techniques of most probable number (MPN) and polymerase chain reaction (PCR) for quantifying the prevalence and numbers of Campylobacter spp. in ulam, a popular Malaysian salad dish, from a traditional wet market and two modern supermarkets in Selangor, Malaysia. A total of 309 samples of raw vegetables which are used in ulam were examined in the study. The prevalences of campylobacters in raw vegetables were, for supermarket I, Campylobacter spp., 51.9%; Campylobacter jejuni, 40.7%; and Campylobacter coli, 35.2%: for supermarket II, Campylobacter spp., 67.7%; C. jejuni, 67.7%; and C. coli, 65.7%: and for the wet market, Campylobacter spp., 29.4%; C. jejuni, 25.5%; and C. coli, 22.6%. In addition Campylobacter fetus was detected in 1.9% of raw vegetables from supermarket I. The maximum numbers of Campylobacter spp. in raw vegetables from supermarkets and the wet market were N 2400 and 460 MPN/g, respectively.
Introduction
Among food-borne pathogens, Campylobacter spp., particularly Campylobacter jejuni and Campylobacter coli are the most commonly identified cause of acute bacterial gastroenteritis (Park and Sanders, 1992; Nachamkin et al., 1998; Friedman et al., 2000) . In the United States, 2.5 million cases of human campylobacteriosis are estimated to occur each year (Nachamkin et al., 1998) and in England and Wales, 58,059 laboratory confirmed cases were reported to the CDSC in 1998 alone (CDSC, 1998) .
Food-borne outbreaks caused by Campylobacter spp. have been reported infrequently (Centers for Disease Control, 2000) . Most cases of campylobacter infection appear as sporadic illnesses, for which the sources of contamination are not identified (Friedman et al., 2000) . Case control studies have identified poultry, poultry product, raw milk, contaminated drinking water, contact with pet animals and travel abroad as common risk factors of campylobacter illnesses (Schorr et al., 1994; Neal and Slack, 1997; Solomon and Hoover, 1999; Rautelin and Hanninen, 2000) . Outbreak of campylobacter illness associated with contaminated fruits, vegetables, or other produce-related products are quite rare (Beuchat, 1996; Jacobs-Reitsma, 2000) . However, the Center for Disease Control (2000) has on record 18 outbreaks of campylobacter enteritis associated with produce worldwide from 1990 to 2001.
Campylobacter is a notoriously difficult organism to culture and maintain in the laboratory (Solomon and Hoover, 1999) . Currently, campylobacter is identified using selective culture media and a confirmatory series of biochemical tests. These methods are expensive and time-consuming (Todor, 2004) . Recently Polymerase Chain Reaction (PCR) based methods for campylobacter detection have gained popularity. Continuing research on PCR based methods has improved the accuracy and sensitivity of these tests (Englen and FedorkaCray, 2002; Wang et al., 2002) . For this study, we developed a most probable number (MPN) enumeration protocol for thermophilic Campylobacter spp., with identification of campylobacters by using a species-specific PCR technique. The rapid PCR identification step combined with the most probable number (MPN) method supplemented by the plate count method. In Malaysia, several types of vegetables are consumed raw in the popular dish ulam. The vegetables are purchased from either wet markets or supermarkets. In wet markets in Malaysia a variety of food types, including seafood, poultry, meat, fresh vegetables, and ready-to-eat foods are usually sold. Supermarkets or hypermarkets generally offer foods under conditions that appear more hygienic than those in wet markets as foodstuffs and are packed before display. However, the hygienic condition and foodstuff handling methods in the packing facilities may be poor. Therefore, the prevalences and number of campylobacters in raw vegetables from both supermarkets and a wet market were determined.
Materials and methods

Sample collection
A total of 309 samples of raw vegetables were purchased from three locations in Selangor, Malaysia, with 102, 108 and 99 samples being determined from a wet market situated at Seri Kembangan, a supermarket I at Seri Kembangan and a supermarket II at Putrajaya. The main differences between these two types of facility are the holding time and the treatment or processing of food items. Normally, vegetables sold at the wet market are fresh, as they are sent directly from the farms every morning, and are sold without further washing or packaging. On the other hand, vegetables sold at supermarkets are washed and packed into plastic bags before display. In this study, eight types of raw salad vegetable which are used as ingredients in 'ulam' were examined (Table 1) .
Detection and enumeration of campylobacters
Each sample was cut into small pieces, then a 10 g portion was placed in a stomacher bag with 90 mL of Bolton Enrichment Broth Base (BEBB; Merck, Darmstadt, Germany) and pummeled in a stomacher for 60 s. BEBB was supplemented with Bolton supplement (Merck, Darmstadt, Germany) and 5% lysed horse blood. Ten fold and 100 fold dilutions of the stomacher (2) and (3) DNA from an MPN broth, (4) C. jejuni reference strain, (5) and (6) DNA from an MPN broth, (7) and (8) fluid were prepared and a 1 mL portion of the undiluted and each dilution of the fluid were inoculated into three tubes, each containing 9 mL of BEBB supplemented with Bolton supplement (Merck) and 5% lysed horse blood. The lysed horse blood was prepared in the laboratory by freezing and thawing the fresh horse blood for several times.
For MPN analysis, the tubes were incubated in anaerobic jar under microaerophilic condition produced using the Anaerocult C system (Merck), at 37°C for 48 h. Tubes were served as positive or negative for turbidity. Portions (0.2 mL) of the turbid and Campylobacter spp. PCR-positive tubes were plated on Campylobacter modified charcoal-cefoperazone-deoxycholate bloodfree selective agar (mCCDA; Merck) in duplicate. The plates were incubated under microaerophilic condition produced using the Anaerocult C system (Merck), at 37°C for 48 h.
DNA was extracted from the contents of turbid MPN tubes and also presumptive colonies on mCCDA (Merck). DNA extraction was carried out using a boiled-cell method. A 500 μL portion of each broth was subjected to centrifugation at 15,000 ×g for 5 min to pellet the microorganisms. The pellet was resuspended in 500 μL of sterile distilled water and boiled for 10 min. After boiling, the sample was cooled at −20°C for 5 min before it was centrifuged at 15,000 ×g for 10 min. The supernatant was kept for use in PCR.
DNA from boiled-lysates was first subjected to a genusspecific PCR to detect Campylobacter spp. The samples positive for Campylobacter spp. were then subjected to further PCR procedure for detection of C. jejuni, C. coli and C. fetus. Four genes were selected for the identification of Campylobacter spp. (genus), C. jejuni, C. coli and C. fetus: the 16S rRNA gene (Linton et al., 1996) , the hip gene (Linton et al., 1997) , the ceuE gene (Gonzalez et al., 1997) and the 16 S rRNA gene (Oyarzabal et al., 1997) , respectively. The sequences of the primers used for gene amplification are shown in Table 2 . The oligonucleotide primers used in this study were synthesized by 1st BASE Laboratories, Selangor, Malaysia. DNA from Campylobacter spp. cultures from WHO was included as a positive control in every PCR assay.
In all cases, PCR amplification was performed in 25 μL of a reaction mixture containing 2.5 μL of 10× PCR buffer; 0.2 mM of deoxynucleoside triphosphate mix; 0.4 μM of each primer; and 2 μL of DNA preparation. Final concentrations of Taq DNA polymerase, and MgCl 2 were used as appropriate for each assay (Table 2 ). All items used in PCR were purchased from Vivantis Technologies, Selangor, Malaysia.
Reaction mixtures were heated at 94°C for 2 min as an initial denaturation step. PCR was then performed using the cycling conditions as specified in Table 2 . All assays were terminated with a 5 min extension period of 72°C and were performed with Thermo Hybaid PxE thermal cycler (Thermo Electron Corporation, Franklin, MA, USA). For visualization of PCR products, 10 μL of PCR products were run on 1.0% agarose gel at 90 V for 40 min. The gel was then stained with ethidium bromide and viewed under ultraviolet (UV) light. A DNA-molecular ladder (100-bp ladder) (Vivantis Technologies) was included in each gel.
Culturing method
Plating on mCCDA (Merck) was only carried out for PCR-positive tubes to recover Campylobacter spp. A portion (0.2 mL) of the positive enrichment culture was plated in duplicate and was incubated under microaerophilic condition created as before at 37°C for 48 h. Candidate colonies grown on the plates with colony morphology consistent with Campylobacter spp. were streaked for isolation on nutrient agar (Merck), incubated at 37°C for 48 h and were screened by oxidase test, catalase test, gram-staining and microscopically for typical campylobacter morphology. The presumptive campylobacter colony will give a positive result for oxidase and catalase tests; gram negative; and either a typical "seagull" morphology or coccoidal morphology. The presumptive colonies were then further confirmed with campylobacter specific PCR.
Results
A total of 309 samples of raw salad vegetables were examined for the prevalence and number of Campylobacter spp.
Four sets of specific PCR were run in the study. Fig. 1 shows a representative gel electrophoresis image of the PCR amplification of 16S rRNA gene and hip gene.
The prevalences of Campylobacter spp., C. jejuni, C. coli and C. fetus are summarized in Table 3 . The average prevalence of Campylobacter spp. in raw vegetables from these three locations was ranged from 29.4% to 67.7%. The vegetables from supermarket II had the highest prevalence of Campylobacter spp. (Table 3) . Among the individual species, C. jejuni Table 5 Numbers and percent fractions of MPN-positive samples from which Campylobacter spp. were recovered by plating on a selective agar was predominant while C. fetus was detected only in vegetables from supermarket I. Among the eight types of vegetable, yard long bean always had the lowest occurrence of Campylobacter spp.
C. jejuni and C. coli were usually present together in the Campylobacter spp. positive samples. The Campylobacter spp. positive samples from the wet market, supermarket I and supermarket II, 22 of 30 (73%), 38 of 56 (68%) and 65 of 67 (97%) of samples, respectively, were found to carry both C. jejuni and C. coli. Only 2 samples were found to carry C. coli alone.
The highest numbers of C. jejuni in vegetables from supermarkets and the wet market were N 2400, and 93 MPN/g, respectively (Table 4 ). The greatest numbers of C. coli in vegetables from supermarket I, supermarket II and the wet market were 240, N 2400, and 20 MPN/g, respectively.
Campylobacter spp. was recovered from only 28 of 153 (18.3%) samples positive for Campylobacter spp. by PCR (Table 5 ).
Discussion
Most studies of campylobacters in raw vegetables found only low incidences of or no campylobacter (Park and Sanders, 1992; Odumeru et al., 1997; Kumar et al., 2001; Moore et al., 2002) . For example, Park and Sanders (1992) detected only a 1.7% prevalence of Campylobacter spp. in fresh produce from farmers' outdoor market and no Campylobacter spp. was detected in samples from supermarket. On the other hand, Phillips (1998) reported a 22.2% incidence of Campylobacter spp. in mixed salads packaged under modified atmosphere. However, that is only half the prevalence found in this study. The high incidence of Campylobacter spp. in the fresh produce was unexpected because Campylobacter spp. are thought to survive poorly and certainly cannot grow on these commodities (Kumar et al., 2001) .
The use of raw manure as a fertilizer gives rise to a high risk of bacterial contamination of fresh produce, and has resulted in several outbreaks of food-borne disease (Nelson, 1997; Guan and Holley, 2003) . However, raw vegetables reach consumer through a long processing and distribution chain, and may be contaminated at any stage. At the pre-harvest stage, water use for irrigation might be a source of contamination. After the crops are harvested, contamination may occur through the use of a contaminated container during transportation, contaminated washing water or ice used for storage, improper handling, or cross-contamination from other foods such as poultry or contamination from workers in the market.
The prevalence of Campylobacter spp. in raw vegetables from the supermarkets was double the prevalence of Campylobacter spp. in vegetables from the wet market. This finding suggests that cross-contamination might occur at the holding and packaging stage in the supermarkets. Son et al. (1996) and Saleha (2002) found that more than 50% of retail poultry meat from retail markets and broilers from farms in Malaysia harbored C. jejuni. Because of that, it seems highly probable that Campylobacter spp. are commonly present in the storage and packing facilities of supermarkets. Poor handling practices during washing and packaging at supermarkets might have led to the cross-contamination of raw vegetables. However, further study to investigate the points at which raw vegetables are contaminated during processing and distribution is required.
Both C. jejuni and C. coli were usually found together. Mateo et al. (2005) also found that both species were frequently present together in poultry samples, which might indicate that at least some campylobacters on vegetables originated from poultry products.
The lack of appropriate methods for recovery of campylobacter from produce samples may explain some of the reported low-incidence of campylobacters in vegetables. The MPN-PCR method used in this study was evidently more effective for detecting campylobacters than was plating after enrichment. According to Hazeleger et al. (1994) , Campylobacter spp. may not be isolated from PCR-positive samples by conventional culture methods because the organisms are present in a noncultivatable coccoidal form. There was no investigation in this study of the possible presence of the coccoidal form of Campylobacter spp. in the samples. Nonetheless, the conventional culturing method was evidently unsuitable for determining the prevalence and number of Campylobacter spp. in the samples.
Campylobacter spp. were detected in products from all the three locations. It indicates that raw salad vegetables (ulam) in Malaysia might commonly be contaminated with campylobacters and so poses a health risk to consumers. Therefore, monitoring of product at the retail level would be desirable. However, further investigation is needed to determine the occurrence of Campylobacter spp. on vegetables at the pre-harvest stage and to identify possible contamination sources.
